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ing by ElsAbstract Purpose: Presurgical assessment of memory in patients with temporal lesions is essential
to evaluate the effect of treatment on cognitive functioning (1). In recent years, there has been an
increasing interest in the utility of functional MR imaging (fMRI) for presurgical evaluation of
memory (2). There is no established fMRI protocol to evaluate memory functions presurgically
(3). The identiﬁcation of language areas in patients undergoing brain surgery is a major clinical
challenge, the gold standard for the identiﬁcation of essential language areas in neurosurgical
patients is intraoperative mapping (IOM) by direct cortical stimulation as used by various groups
but other techniques, such as functional imaging, are rapidly evolving (4). Language and also mem-
ory paradigms designed for patients speaking languages other than Arabic are not totally applicable
for examining Arabic speaking and illiterate patients except after some modiﬁcations, the aim of
this study is to test the applicability of these modiﬁed western designed paradigms for lateralization
and localization of cortical brain centres concerned with language and memory in Arabic speaking
patients.
Materials and methods: Using a 1.5 T Philips scanner, multiple modiﬁed western designed language
and memory fMRI paradigms were used to assess the eloquent cortical brain areas in Arabic speak-
ing patients of different levels of education having different lesions mainly brain tumors ando.com, drhossamsakr@gmail.
of Radiology and Nuclear
tian Society of Radiology and
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224 H.M. Sakrepilepsy. These modiﬁcations consist mainly of providing simpler paradigms in an easy common
Arabic language not in high level traditional Arabic, choosing simpliﬁed topics for the less educated
patients, avoiding any written paradigms and depending on auditory paradigms in easy common
Arabic language and simple pictures for illiterate patients. Images were analyzed using Philips
extended MR work space release 2.5.3.0. The results were analyzed and compared to each other
as regarding the patient cooperation and the ability to give robust fMRI signal.
Results: Multiple fMRI paradigms are efﬁcient in lateralization and localization of cortical centres
of language and memory yet they are variable in their ability to give robust fMRI signal clusters,
also patients with different levels of education and culture differ in their ability to cooperate with
the fMRI paradigms thus also affects the results.
Conclusion: Language and memory fMRI paradigms reported in the western literature are appli-
cable to Arabic speaking patients with brain lesions undergoing an fMRI exam for language
and/or memory but need some modiﬁcations according to background and level of education to
get more robust identiﬁcation of eloquent language and memory cortical centres.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.1. Introduction
Functional magnetic resonance imaging (fMRI) is a modern,
non-invasive imaging technique to measure and localize spe-
ciﬁc functions of the human brain without application of radi-
ation. Brain function is assessed indirectly with high spatial
resolution via detection of local hemodynamic changes in cap-
illaries and draining veins of so-called ‘‘functional areas’’, e.g.,
regions of the human brain that govern motor, sensory, lan-
guage or memory functions (5).
fMRI is a powerful tool for exploring cognitive function
especially language and memory, as well as the somatosensory
function of the brain (6).
It is widely documented that the hippocampus and parahip-
pocampal gyrus are critical for memory encoding. The impor-
tance of these structures has been demonstrated by
neuropsychological data, the medial temporal lobe (MTL)
can be affected by a focal seizure disorder often associated
with hippocampal sclerosis and refractory to drugs: temporal
lobe epilepsy (TLE) (1). Although TLE can be treated by sur-
gical intervention, temporal lobectomy may lead to a postop-
erative memory deﬁcit (7).
Linguistic mapping often is a priority for fMR imaging pre-
surgical referrals, because injury in a region with language
function produces substantial clinical deﬁcit and the location
of language cortex may be difﬁcult to predict. fMR imaging re-
places the more invasive Wada test to determine the hemi-
spheric dominance of language in many patients (4,8).
fMR imaging paradigms can produce not only an assess-
ment of hemispheric dominance, but can also reveal the local-
ization of intrahemispheric cortical foci for expressive and
receptive language function (8).
A routine clinical fMR imaging session typically includes
three to six different paradigms, with each paradigm chosen
to activate a cortical region anatomically related to the lesion
or jeopardized by the treatment, either by surgery or ionizing
radiation Paradigms for clinical use must be designed so that
even patients with neurologic impairments are able to perform
the task. Tasks that are too difﬁcult or complicated result in
poor patient compliance and suboptimal activation (9). During
the fMR imaging acquisition, patient task performance can be
monitored visually (for motor tasks), or with button presses on
an MR imaging compatible recording device (for language orcognitive tasks). However, the performance of some simple
covert paradigms (such as silent word generation) cannot be
monitored. For tasks that are not monitored, poor patient
compliance might not be evident until the weak or absent acti-
vation is demonstrated in the processed images. Therefore, it is
imperative that the patient is well coached before the scan ses-
sion to help ensure their understanding and compliance with
task directions (8).
Language and also memory paradigms designed for
patients speaking languages other than Arabic are not totally
applicable for examining Arabic speaking and illiterate
patients except after some modiﬁcations, that the aim is to test
the applicability of these modiﬁed western designed paradigms
for lateralization and localization of cortical brain centres
concerned with language and memory in Arabic speaking
patients.
2. Method
2.1. Subjects
Sixteen patients, 14 males and two females (cases 3 and 13), 13
Egyptians, two from Yemen (cases 7 and 12) and one from
KSA (case 15), their age ranges between 6 and 72 years.
Their level of education was classiﬁed as follows:
 Illiterate: one case (8)
 Low level: 6 cases (3, 4, 7, 11, 12 and 13)
 Medium level: 4 cases (1, 2, 5 and 16)
 High level: 5 cases (6, 9, 10, 14 and 15)
Their clinical presentation was as follows:
 Epilepsy:
 Primary: 5 cases (1, 4, 11, 14 and 16)
 Secondary to:– HIE: one case (8)
– Meningitis: one case (3)
– Trauma: one case (7)
– SOL: 7 cases (5, 6, 10, 12, 13 and 15)
 Dysphasia: one case (2) (Table 1)
Table 1 Clinical data, presentation and paradigms done for the patients. M, male; F, female; No, case number; i, illiterate; l, low level
of education; m, medium level of education; h, high level of education; ON, object naming; SG, sentence generation; WG, category
word generation; WA, word antonym; TL, text listening; TR, text reading; IR, image recall; CIR, carton image recall; SIR, simpliﬁed
image recall; FNR, face/name recall; RR, road recall; HIE, hypoxic ischemic encephalopathy; SOL, space occupying lesion.
No. Age Sex Education Presentation Language Memory
ON SG WG WA TL TR IR CIR SIR FNR RR
1 25 M m Epilepsy + + + + + +
2 16 M m Posttraumatic dysphasia + + + +
3 14 F l Postmeningitic epilepsy + + + +
4 58 M l Epilepsy + + + +
5 43 M m Left temporal SOL + + + + + +
6 32 M h Left temporal SOL + + + +
7 34 M l Posttraumatic epilepsy + + + + +
8 8 M i PostHIE epilepsy + + + +
9 72 M h Left fronto-temporal SOL + +
10 63 M h Left temporal SOL + + + + +
11 50 M l Epilepsy +
12 15 M l Left fronto-temporal SOL + + +
13 6 F l Left frontal SOL + +
14 35 M h Epilepsy +
15 64 M h Left frontal SOL
16 25 M m Epilepsy + + + + + +
Figure 2 Sentence generation paradigm: (A) original one; (B)
modiﬁed one.
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Six language paradigms were used as follows:
 Object naming: In which ﬁgures were presented to the
patient on a screen which patients could see while lying in
the MR scanner via a mirror and patient were asked to
name each ﬁgure silently, each ﬁgure presented to the
patient for 2 s with 20 s for activation and 20 s for rest, dur-
ing rest patients were asked to concentrate on a small cross
and try to relax (Fig. 1).
 Sentence generation: In which ﬁgures were presented to the
patient on a screen which patients could see while lying in
the MR scanner via a mirror and patient were asked to
make a short sentenced about what he/she sees, each ﬁgure
presented to the patient for 4 s with 20 s for activation and
20 s for rest, during rest patients were asked to concentrate
on a small cross and try to relax (Fig. 2).
 Category word generation: In which special Arabic words
acting as titles were presented to the patient on a screen
which patients could see while lying in the MR scannerFigure 1 Object naming paradigm: (via a mirror and patient were asked to think about different
items under these titles with each title presented to the
patient for 4 s with 36 s for activation and 18 s for rest, dur-
ing rest patients were asked to concentrate on a small cross
and try to relax (Fig. 3).A) original one; (B) modiﬁed one.
226 H.M. Sakr Word antonym: In which Arabic words were presented to
the patient on a screen which patients could see while lying
in the MR scanner via a mirror and patient were asked to
think about their antonym, each word presented to the
patient for 2 s with 20 s for activation and 20 s for rest, dur-
ing rest patients were asked to concentrate on a small cross
and try to relax (Fig. 4).Figure 3 Category word generation paradigm: (A) original one;
(B) modiﬁed one.
Figure 4 Word antonym paradigm: (A) original one; (B)
modiﬁed one.
Figure 5 Text reading paradigm: (A Text listening: In which short paragraphs in Arabic lan-
guage (common Arabic dilacte) were presented to the
patients via an audio system connected to head phones with
20 s for activation and 20 s for rest, during rest nothing was
presented and the patient was asked to try to relax.
 Text reading: In which short paragraphs in Arabic language
were presented to the patients on the screen with 20 s for
activation and 20 s for rest, during rest symbolic transfor-
mation of the text was presented to the patient (Fig. 5).
The subjects of the paragraphs used in both text listening
and text reading paradigms were chosen to be interesting to
the patients (e.g., sports news, news of famous actors).
Three memory paradigms were used as follows:
 Images recall: In which 20 images were presented to the
patient before entering the MR machine, each image lasted
for 6 s, each image consists of a face of a person (man,
woman, child, etc.) patient was instructed to remember
them (encoding phase), then during scanning images are
presented to the patient, some of them from those he saw
before, others are new ones, and the patient was asked to
push an alarm every time he sees an old image, each image
presented to the patient for 4 s with 20 s for activation and
20 s for rest, during rest patients were asked to concentrate
on a pixelated image to compensate for the visual activ-
ity.The used images were photographs taken from different
places in Cairo showing people, animals, cars, etc., but on
using these images, we ﬁnd that most of patients (especially
illiterates and those with low level of education or disturbed
conscious level) ﬁnd difﬁculty in remembering them result-
ing in losing their interest in the paradigm with subsequent
failure to obtain robust fMRI signal, so we create more sim-
ple images showing just one item for each image, e.g., food,
a place, etc. and call the new paradigm simpliﬁed image
recall.
On using these simple images also we notice that children
ﬁnd difﬁculty with them, so we create other images showing
famous characters of carton, e.g., Mickey mouse, Donald
duck, etc. and call it carton image recall (Fig. 6).) original one; (B) modiﬁed one.
Figure 6 Different versions of the image recall paradigm: (A) original image recall paradigm; (B) simpliﬁed image recall paradigm; (C)
carton image recall paradigm.
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patient before entering the MR machine, each image lasted
for 6 s, each image consists of a human face (adult man, old
woman, child, etc.) and a name corresponding to this face,
patient was instructed to remember this couple (face and
name) (encoding phase), then during scanning images are
presented to the patient, each image also consists of a face
and a name, some of these couples are identical to those
seen by the patient during encoding phase, while others
are different, and the patient was asked to push an alarm
every time he sees a couple that is identical to what he
saw during the encoding phase, each image presented to
the patient for 6 s with 36 s for activation and 18 s for rest,
during rest patients were asked to concentrate on a pixelat-
ed image to compensate for the visual activity (Fig. 7).
 Road recall: In which we ask the patient before entering the
MR room about three different places that he/she used to
go to (e.g., school, work), then during scanning we ask
him/her to remember how to go to one of them in details
in 20 s, this represent the activation, this alternates with
20 s of rest during which the patient is asked to try to relax,
this is repeated for 3 times.
2.1.2. fMR imaging data acquisition
Imaging was performed on a 1.5 T scanner (Intera Philips). An
8-channel head coil was used for reception of the signal inten-
sity. For anatomic reference, a high-resolution T1-weighted
3D fast radio-frequency spoiled gradient-recalled acquisitionFigure 7 Face/name recall paradigm.in the steady state with an inversion-recovery prepulse se-
quence was used (TR/TE/TI, 9.7/4.6/400 ms; parallel imaging
[ASSET] acceleration factor, 2; matrix, 208 · 170; FOV,
23 cm; section thickness, 0.8 mm; 260 contiguous sections).
Acquisition time was 5:25 min. For functional imaging, a
T2*-weighted gradient-echo echo-planar imaging (EPI) se-
quence was used (TR/TE, 2000/45 ms; matrix, 64 · 64; FOV,
22 cm; section thickness, 5 mm; 50 contiguous sections).
Acquisition time was 5:6 min per functional run, including 5
dummy scans that were discarded from analysis.
2.1.3. fMRI data processing and analysis
Data processing and analysis of fMRI data were performed
off-line. The T2*-weighted functional images were realigned
to correct for the subject’s motion during data acquisition.
Functional and anatomic images were then co registered.
Individual statistical parametric maps were calculated by using
the general linear model by modeling the ‘‘active’’ and ‘‘rest’’
conditions as a boxcar function convolved with the hemody-
namic response function. A t-contrast was then calculated
for the ‘‘active’’ minus the ‘‘rest’’ condition.
fMRI data were analysed using Philips extended MR work
space release 2.5.3.0. The results were analyzed and compared
to each other as regarding the patient cooperation and the abil-
ity to give robust fMRI signal.3. Results
3.1. Language
For each case, the ability of each paradigm performed to give
robust signal within the vicinity of the Broca and Wernick
areas, the results were as follows:
Object naming paradigm was used in three cases (2, 8 and
12) it was able to show Broca’s area in all yet it was able to
show Wernick’s area in only one of them (case 12).
Sentence generation paradigm was used in two cases (1, 2
and 15) it was able to show both Broca’s and Wernick’s areas
in all of them.
Category word generation paradigm was used in 10 cases (1,
3, 4, 5, 6, 7, 10, 13, 15 and 16) it was able to show Broca’s area
in all yet it failed to show Wernick’s area in three cases (3, 5
and 7), two of them (3 and 7) were with low educational level,
the third one (case 5) had left temporal SOL with slightly dis-
turbed conscious level and these may be the causes of their
ability to co operate well with this rather difﬁcult paradigm.
Table 3 The result of the memory paradigms done for each
patient. IR, image recall; CIR, carton image recall; SIR,
simpliﬁed image recall; FNR, face/name recall; RR, road recall;
+ means that this paradigm gives robust signal; – means that
this paradigm does not give robust signal.
Case number IR CIR SIR FNR RR
1 – + +
2 +
3 + +
4 + –
5 + + +
6 + +
7 + – +
8 + –
9 + –
10 + + +
11 +
12
13
14 +
15
16 – + +
Table 2 The result of the language paradigms done for each patient. ON, object naming; SG, sentence generation; WG, category
word generation; WA, word antonym; TL, text listening; TR, text reading; B, Broca’s area; W, Wernick’s area; + means that this
paradigm gives robust signal; – means that this paradigm does not give robust signal.
Case number ON SG WG WA TL TR
B W B W B W B W B W B W
1 + + + +
2 + – + + + +
3 + – + +
4 + + + +
5 + – + – + +
6 + + + +
7 + – + –
8 + –
9
10 + + + +
11
12 + + + + + +
13 + + + +
14
15 + + + + + +
16 + + + + + +
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10, 12, 13, 15 and 16) it was able to show Broca’s area in all yet
it failed to show Wernick’s area in two cases (5 and 7), one of
them (7) was with low educational level, the second one (5) was
with medium level of education but it had a relatively large
SOL affecting his ability to concentrate and this may be the
cause in their ability to co operate well with this rather difﬁcult
paradigm.
Text listening paradigm was used in two cases (2 and 12) it
was able to show Broca’s and Wernick’s areas in both of them
yet it was difﬁcult in interpretation due to proximity of speech
centers especially Wernick’s area to the auditory centers.
Text reading paradigm was used in two cases (5 and 16) and
it was able to show both Broca’s and Wernick’s areas in both
cases.
In another view we use three paradigms for each patient in
ﬁve cases, two paradigms for each patient in seven cases, one
paradigm for each patient in one case, these combinations al-
low us to localize Broca’s area in all the cases and Wernick’s
area in 11 out of 13 (85%).
The two cases in which fMRI failed to localise Wernick’s
area were as follows:
Case 7: A 34 years old male with low level of education in
which we tried both category word generation and word
antonym, they both fail to localize Wernick area, this
may be due to:
(1) Low level of education affecting ability of the patient
to cooperate with the paradigms.
(2) He was from Yemen (not Egypt) and the words used
may not be familiar to him.
Case 8: An 8 years old boy with postHIE epilepsy, he was
illiterate and so we think it will be difﬁcult to him to coop-
erate with the different paradigms, so we choose the sim-
plest one (object naming) yet he failed to follow the
instructions so we decided to stop trying.
These results are summarized in Table 2 and Figs. 8 and 9.3.2. Memory
For each case, the ability of each paradigm performed to give
robust signal within the vicinity of the medial temporal lobe:
Image recall paradigm: Was used in 2 cases (case 1 and 16)
and failed to give robust signal at the vicinity of the memory
centers in the medial temporal lobe in both cases.
Simpliﬁed image recall paradigm:Was used in 10 cases (1, 2,
4, 5, 6, 7, 9, 10, 11 and 16) and was able to give robust signal in
all of them.
Carton image recall paradigm:Was used in 2 cases (3 and 8)
and was able to give robust signal in both of them, patient age
was 14 and 8 years, respectively.
Figure 8 Corresponding sagittal images of different language paradigms in the same patient (case 16) with the same postprocessing
parameters: category word generation (A, B), word antonym (C, D), text reading paradigm both with simple common paragraphs in
common Arabic (E, F) and with simple scientiﬁc paragraphs in Arabic FOSHA (G) showing robust signal in both Broca’s (white arrows)
and Wernick’s (grey arrows) areas in the ﬁrst three paradigms, in the last one only Broca’s area (white arrow) could be localized with
failure of localization of Wernick’s area, also if we compare the signal intensity and size of the active area we notice variation among the
different parameters with the word antonym paradigm giving the most robust signal in both Broca’s and Wernick’s areas.
Figure 9 Corresponding sagittal images of different language paradigms in the same patient (case 5) with the same postprocessing
parameters: text reading (A, B), category word generation (C), word antonym (D) showing robust signal in both Broca’s (white arrows)
and Wernick’s (grey arrows) areas in the ﬁrst paradigms, in the other two paradigms only Broca’s area (white arrow) could be localized
with failure of localization of Wernick’s area, also if we compare the signal intensity and size of the active area we notice variation among
the different paradigms.
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7, 9, 10, 14 and 16) and failed to give robust signal in three of
them (4, 7 and 9).
Two of them (4 and 7) had low level of education and the
last one (case 9) had postoperative intracerebral hemorrhage
with deteriorated conscious level affecting his ability to coop-
erate with this rather difﬁcult paradigm.
Road recall paradigm:Was used in 5 cases (3, 5, 7, 8 and 10)
and was able to give robust signal in all of them except one (case
8) who was an 8 years old illiterate boy with postHIE epilepsy.
In another view we use three paradigms for each patient in
six cases, two paradigms for each patient in four cases, one
paradigm for each patient in three cases, these combinations
allow us to localize the memory centers in all of them.
There were six cases in which one paradigm failed to give
robust signal as follows:Case 1: A 25 years old male complaining of epilepsy with
medium level of education in which Cairo images recall par-
adigm failed to give robust signal.
Case 4: A 58 years old male complaining of epilepsy with
low level of education in which face/name recall paradigm
failed to give robust signal.
Case 7: A 34 years old male complaining of posttraumatic
epilepsy with low level of education in which face/name
recall paradigm failed to give robust signal.
Case 8: An 8 years old male complaining of postHIE epi-
lepsy with low level of education in which road recall par-
adigm failed to give robust signal.
Case 9: A 72 years old male complaining of postoperative
intracerebral hemorrhage with high level of education in
which face/name recall paradigm failed to give robust
signal.
Figure 10 Corresponding coronal images of different memory paradigms: face/name recall paradigm (A), simpliﬁed images recall
paradigm (B) and Cairo images recall paradigm (C) in the same patient (case 16) with the same parameters of postprocessing showing
robust signal in the MTL in both (A) and (B) (white arrows) while no corresponding signal noted in (C).
Figure 11 Corresponding coronal images of different memory paradigms: carton images recall (A) and road recall paradigm (B) in the
same patient (case 8) with the same parameters of postprocessing showing robust signal in the MTL in (A) (white arrow) while no
corresponding signal noted in (B).
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medium level of education in which Cairo images recall par-
adigm failed to give robust signal.
These results are summarized in Table 3 and Figs. 10
and 11.
4. Discussion
The goal of fMRI interpretation is generally to identify the
gyrus in which the activation is located and then to determine
the relationship of this gyrus to the lesion, a variety of para-
digms are used to produce BOLD response in various brain re-
gions. The paradigms used include active motor, language, or
cognitive tasks, and passive tasks using tactile, auditory, or vi-
sual stimuli, with the paradigms used in functional MRI study,
the location and the size of the activated region depend on
many factors, including the amount of effort expended by
the patient, the sensitivity of the scanner to the BOLD effect,
the noise and signal in the acquisition and the threshold chosen
for displaying the activation (8).
Language functions are examined using various paradigms
involving auditory and visual stimulation in which tasks com-
monly and easily performed in patients are used (10).
Performing FMRI to map memory is more challenging
than mapping language; memory processing involves encoding
and retrieval of faces, pattern, words, etc. Paradigms for each
of these tasks show activation in different areas (3,10).Tasks, which reliably activate the memory centers using
fMRI, have been developed only relatively recently; the studies
suggest that complex visual and especially spatial memory
tasks are generally superior to verbal memory tasks in activat-
ing mesial temporal lobe structures (2,5).
According to Moritz and Haughton (2003), the absence of
activation where it is anticipated has many causes other than
absence of functional brain in that area such as technical fail-
ure. One example is a region with magnetic susceptibility ef-
fects in which the detection of the BOLD effect is impaired
(e.g., metallic clips and blood products), other causes are re-
duced sensitivity caused by magnetic ﬁeld inhomogeneities
(e.g., in the mesial temporal lobes because of the adjacent sphe-
noid sinuses), insufﬁcient signal to noise ratio (e.g., in a patient
who does not remain immobile during the acquisition) and
inappropriate technical choices (e.g., choice of a higher than
optimal threshold) (8).
All these factors are related to the technique of examination
yet it is logic that patient cooperation with the functional MRI
paradigm is a crucial point in obtaining robust signal.
In this study we showed that patient cooperation and conse-
quently obtaining robust signal depends upon how much does
the task included within the functional MRI paradigm suit the
age, level of education, culture and interests of the patient.
Some limitations, however, needed to be considered. The
ﬁrst of them is the relatively small number of cases but we hope
with growing awareness of the importance of the technique to
have increased referral.
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tiﬁc soft ware programs for postprocessing and more accurate
quantitative statistical analysis (the used ones were commercial
ones), however, this is not typically necessary for studying
brain tumour cases for preoperative planning, but is more
needed for neurological cases as follow up of stroke of MS
cases after therapy.
5. Conclusion
Functional magnetic resonance (MR) imaging is a valuable
technique for the study of the cerebral representation of lan-
guage and memory processing.
Optimization of functional MRI in order to get conclusive
results depends on multiple factors some of them are technical
ones yet others are related to the ability of the patient to coop-
erate with the paradigms used.
So, collecting data about the age, level of education and
interests of each patient and there after modifying functional
MRI paradigms to be suitable for this particular patient is
an essential step in a successful functional MRI study.
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